Cell-free DNA testing is a recently introduced method for screening pregnant women for fetal trisomy, which is associated with some common significant genetic diseases, as well as the sex of the fetus. The case described here demonstrates the connection between the ultrasound "vanishing twin" phenomenon and the misdiagnosis of prenatal sex using cell-free DNA testing. ( 
In genetics evaluation aneuploidy is the determination that there is an abnormal number of chromosomes in an individual compared with the known wild type. 1 Cell-free DNA testing, introduced in 2013, is a new method of screening for fetal aneuploidy that functions by sequencing nonmaternal DNA drawn from maternal serum; it has mainly been used to test for trisomies 13, 18 , and 21 in particular and can also screen for fetal sex and Rhesus (Rh) factor. [2] [3] [4] [5] [6] Studies have demonstrated that the technique can also be used to test for fetal sex-linked diseases, such as hemophilia, Alport's syndrome, Hunter's syndromes, and Duchenne muscular dystrophy. 7 A large, prospective, multicenter trial evaluated cell-free DNA testing for trisomies 13, 18, and 21, and reported a negative predictive value of nearly 100% and a positive predictive value well above that provided by conventional testing, such as the quad screen. 2 In 2015 the American College of Gynecology released a committee opinion that stated that because of the recent availability of cell-free DNA testing and the lack of long-term data, they recommend conventional screening methods for most of the obstetric population. 8 They further advised that "management decisions . . . should not be based on the results of cell-free DNA testing alone." "Vanishing twin" is a prenatal phenomenon in which a twin(s) fetus, found on a maternal ultrasound often during the first trimester, later involutes, leading to a singleton delivery. 9 Our case demonstrates the impact a vanished twin can have on cell-free DNA testing.
Case Report
The patient is a 34-year-old woman (gravida 2, para 1001) who conceived naturally and presented to an emergency department at her sixth week of pregnancy because of vaginal bleeding. She received an ultrasound that demonstrated an intrauterine pregnancy. At 7 weeks and 4 days after her last menstrual period she received a follow-up ultrasound from the Department of Maternal Fetal Medicine. The scan found 2 gestational sacs, each containing a yolk sac. However, only 1 had a fetal pole with cardiac activity. The rest of the study was unremarkable. An additional ultrasound examination was ordered for 10 days later to determine whether the patient had a viable dichorionic twin pregnancy. The follow-up scan, performed at 9 weeks and 0 days, revealed a single intrauterine embryo with a heart rate of 170 bpm. The scan reported a second "amniotic/chorionic cavity," suggesting a "vanished twin." At 13 weeks and 1 day the patient received aneuploidy testing using noninvasive cellfree DNA testing. This technique uses DNA sequencing to detect fetal DNA present in the maternal blood. Sequencing demonstrated that the patient's fetus did not have a trisomy of chromosome 21, 18, or 13, and that the sex chromosomes were XY. The patient subsequently underwent cesarean delivery of a normal-appearing female neonate at 39 weeks and 5/7 days. The pediatric genetics service was consulted to evaluate the sex of the child and to screen for possible androgen insensitivity syndrome. Ultrasound examination of the neonate demonstrated a normal prepubertal uterus. The infant's ovaries were not identified; however, according to the radiologist, they would not be expected to be visualized because the bladder was partially distended. Fluorescence in-situ hybridization of the neonate's DNA demonstrated a normal signal pattern for chromosomes 13, 18, and 21, and XX sex chromosomes were observed. The neonate's chromosome analysis was consistent with fluorescence in-situ hybridization (an XX karyotype), and the neonate was managed as a female during subsequent well-child visits. The XY chromosome discovered on prenatal testing was assumed to be from one of the "disappearing" twins noted previously.
Discussion
Our case demonstrates the need to understand that, while very accurate, cell-free DNA testing is ultimately a screening test, and a possibility of error can occur if it is relied on as a diagnostic instrument. This is especially true if there is a known disappearing twin(s). One study demonstrated that the vanishing twin phenomenon often occurs early, in the first trimester. 9 The frequency of a vanishing twin among the general obstetric population was not been revealed in our literature review. Thurik and colleagues 6 calculated the incidence of vanished twins through discordant Rh factor results, comparing RhϪ fetuses with RHϩ cell-free DNA test results, and attributed the discordance to vanishing twin and determined that the phenomenon occurs in at least 0.23% of pregnancies. Our mother, having lost 2 fetuses, could reasonably be expected to have in her serum fetal DNA from the lost twins that would complicate noninvasive testing. Our case is similar to a 2014 case report in which cell-free DNA testing indicated a female fetus, and the mother subsequently gave birth to a healthy male. Those authors suspected, but could not prove, the presence of a vanishing twin. 10 As noted above, Thurik and colleagues demonstrated that vanished twins could be responsible for discordance in Rh and sex classification using cell-free DNA. They found cases where "(b)oth the mother and the newborn are RhD-negative females, but the PCRs [polymerase chain reactions] in maternal plasma indicate the presence of an RHD-positive and Y-chromosome positive cell line. These results indicate cell-free DNA fragments in maternal plasma derived from a third cell line that is not representative for either the maternal genome or the genome of the vital fetus." 6 A prospective study of the accuracy of cell-free DNA testing noted 2 cases of discordant cell-free DNA test results for trisomy 21, which were associated with vanished twins. 11 The authors concluded that "(t)he gender of the living and apparently healthy fetus was confirmed to be female and thus, the cffDNA that caused the increased z-score for trisomy 21 can clearly be assigned to a deceased male fetus."
11 When deciding to use noninvasive cellfree DNA testing in a case with a known vanished twin, physicians should consider the possibility of a false-positive result for trisomy 13, 18, or 21 and incorrect sex classification, as demonstrated by our case. In such cases it may be more prudent to consider chorionic villus testing or amniocentesis, which have 97.4% and 99% sensitivity, respectively. 12 Clinicians ought to consider that cell-free DNA testing may also be responsible for a false-negative result. Hochstenbach and colleagues 13 described 2 cases where cell-free DNA testing led to 2 false-negative results-1 for trisomy 13 the other for trisomy 18 -which understandably led to significant anguish for the couples involved. In those cases ultrasound examination performed during the second trimester, however, did not reveal a vanished twin or empty sac, and the etiology of the false negative was unknown. Perhaps a vanished twin may have been discovered if the ultrasound occurred during the first trimester, before its involution.
